The genus Burkholderia, belonging to the family Burkholderiaceae, was initially established by transferring seven species of Pseudomonas RNA homology group II, and Burkholderia cepacia was designated the type species (Yabuuchi et al., 1992) . The genus was described as Gram-negative, aerobic, non-fermenting and catalase-positive, with non-sporulating, straight, short-rod-shaped cells. Most strains of the genus Burkholderia are motile by a single polar flagellum or a tuft of polar flagella. Currently, more than 90 species of the genus Burkholderia have been described. The genus Burkholderia is diverse and consists of distinctive groups. Several recent studies of species of Burkholderia based on genomics and phylogenetic analysis have suggested that the genus can be separated into two distinctive lineages (Estrada-de los Santos et al., 2013; Gyaneshwar et al., 2011; Payne et al., 2005; Spilker et al., 2009; Tayeb et al., 2008) . According to Estrada-de los Santos et al. (2013) , the A-group species are plant-associated and saprophytic, and are clearly distinguished from human-associated pathogenic species according to phylogenetic analysis. Among the distinguishing characteristics of the A-group species are the absence of virulence-related genes and their relatively low DNA G+C content (Gyaneshwar et al., 2011) . The B-group species are closely related to the Burkholderia cepacia complex (BCC), known to be pathogens of various organisms including humans (Ham et al., 2011; Silva & Dow, 2013) . Members of the BCC are resistant to many antibiotics, and can be highly lethal to patients with cystic fibrosis (Gautam et al., 2011) . Burkholderia latens, B. diffusa, B. arboris, B. seminalis, B. metallica, B. contaminans and B. sabiae are the bestknown members of the BCC; they can cause bacteraemia, urinary tract infection, septic arthritis, peritonitis and respiratory tract infection (Gautam et al., 2011) . Given the findings of these previous studies and analyses of multiple genes, the new genus 'Caballeronia' was suggested for plant-associated and non-pathogenic species of Burkholderia (Gyaneshwar et al., 2011; Zuleta et al., 2014) . Sawana et al. (2014) also proposed the division of the genus into 'pathogenic' Burkholderia and 'environmental' Paraburkholderia based on the results of a phylogenomic analysis. These proposals suggest that the genus Burkholderia may be divided into novel genera according to phenotypic and genetic characteristics in the future.
In this study, the novel strain JRM2-1 T is characterized and described. Strain JRM2-1 T was identified as representing a novel species of Burkholderia based on physiological, chemotaxonomic, phylogenetic and molecular-biological characterizations.
Strain JRM2-1 T was isolated from forest soil samples from Jirisan Mountain, Republic of Korea (378 249 39.90 N 1278 029 9.50 E). The samples were resuspended by manual shaking in a 0.85 % (w/v) NaCl solution at a ratio of approximately 1 : 1 (w/v). The mixture was used as an inoculum approximately 5 min after resuspension. Inocula were spread onto a basal medium with 0.1 % (w/v) glucose and 0.01 % (w/v) azure B and incubated at 30 8C for 1 week. Colonies that decolorized the azure B were selected and reinoculated onto the basal medium without azure B. The growth ranges and optimum growth conditions of strain JRM2-1 T were determined using YPG medium. Growth of the strain was assessed by measuring the OD 600 (pH) or OD 595 (temperature). The temperature and pH ranges for growth were 10-30 8C (optimum 25 8C) and pH 4.0-9.5 (optimum pH 5.0-7.0). These growth ranges are within the growth ranges reported previously for members of genus Burkholderia.
The requirement of the strains for oxygen was investigated by cultivating them under anaerobic conditions. YPG medium for anaerobic cultivation was prepared by purging it with argon gas, and the atmosphere of the anaerobic culture bag was prepared using anaerobic pouches (GasPak EZ; BD). Anaerobic cultivation was conducted in an anaerobic chamber (type A vinyl; Coy). Strain JRM2-1 T did not show any growth under anaerobic conditions. DNase activity was determined using DNase agar (Oxoid). Strain JRM2-1 T and the reference strains were inoculated in YPG medium at 30 8C for 1 day. Liquid cultures were then spread on DNase agar. DNase activity was determined according to manufacturer's instructions. Strains that produced clear zones around the growth area were scored as DNase-positive. Growth on MacConkey agar (Oxoid) was also assessed. Strain JRM2-1 T and all the reference strains grew without forming clear zones on DNase agar (i.e. they were DNase-negative) and showed growth on MacConkey agar.
The phosphate-solubilizing abilities of strain JRM2-1 T and the reference strains were determined using Pikovskaya's agar medium (HiMedia) . Strains that formed a clear zone were regarded as able to solubilize phosphate. Strain JRM2-1 T and the reference strains were inoculated on Pikovskaya's agar at 30 8C for 7 days. Only B. hospita DSM 17164
T and B. bannensis NBRC 103871 T formed a clear zone; strain JRM2-1 T did not solubilize phosphate.
The ability of strain JRM2-1 T and the reference strains to synthesize siderophores was determined using chrome azurol S (CAS) agar assays with modified CAS agar (Schwyn & Neilands, 1987) . The modified CAS agar was prepared by replacing the M9 minimal medium with YPG medium. Strain JRM2-1 T and the reference strains grew with a halo, and were therefore regarded as siderophore-synthesizing bacteria.
The morphology of strain JRM2-1 T grown on YPG medium at 30 8C was examined using transmission electron microscopy (CM 20; Philips). Cells of strain JRM2-1 T were straight rods (1.3-2.0 mm long by 0.8-1.0 mm wide) (Fig S1, available in the online Supplementary Material). Cells of strain JRM2-1 T were Gram-negative, as determined using previously described methods (Johnson et al., 1995; Powers, 1995) . The presence of catalase was determined by the addition of 3 % (v/v) H 2 O 2 to cells smeared onto standard microscope slides; cells of strain JRM2-1 T were catalase-positive.
Cellular fatty acids and polar lipids were extracted using cells at the stationary phase grown on tryptic soy agar (Difco) and YPG agar, respectively, at 30 8C for 3 days. Strain JRM2-1 T and the reference strains were inoculated into independent cultures at the same time. Fatty acid methyl esters were prepared and analysed as described previously (Kim et al., 2013) . The cellular fatty acids were extracted and prepared as fatty acid methyl esters, and the extracted fatty acid methyl esters were analysed using the Microbial Identification System (MIDI).
The major fatty acids of strain JRM2-1 T were C 16 : 0 , C 17 : 0 cyclo and C 19 : 0 cyclo v8c (Table S1 ). The cellular fatty acid composition of strain JRM2-1 T showed clearly that the strain belonged to the genus Burkholderia (Aizawa et al., 2010a (Aizawa et al., , b, 2011 Sheu et al., 2013; Yang et al., 2006) . However, the ratio of the major fatty acids distinguished strain JRM2-1 T from related strains of Burkholderia.
Polar lipids were separated as described previously (Kim et al., 2013; Komagata & Suzuki, 1987; Minnikin et al., 1984) using two-dimensional TLC. The separated polar lipids were stained with molybdatophosphoric acid, molybdenum blue, naphthol and ninhydrin for detection of total lipids, phospholipids, glycolipids and aminolipids, respectively.
The polar lipid profile of strain JRM2-1 T showed the presence diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, several unidentified aminolipids and an unidentified aminophospholipid (Fig. S2) . The polar lipid profile of the strain was very similar to those of its closest relatives (Sheu et al., 2013) . Common polar lipids of species of Burkholderia (diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine) were also detected in strain JRM2-1 T . However, different compositions of the minor polar lipids (unidentified aminolipids and aminophospholipids) distinguished strain JRM2-1 T from its relatives.
Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) . Briefly, cells grown on YPG medium were harvested and freeze-dried. Isoprenoid quinones were extracted from the freeze-dried cells with chloroform/methanol (2 : 1, v/v) and the chloroform/methanol solution was then filtered through Whatman no. 2 filter paper. The filtrate was then concentrated using a vacuum rotary evaporator, and the concentrated filtrate was dissolved in hexane and purified using a silica cartridge (Sep-pak). The purified filtrate was concentrated again and isoprenoid quinones were extracted with acetone. Finally, the extracted isoprenoid quinones were analysed using HPLC (LC-20AT; Shimadzu) with methanol/isopropyl ether (3 : 1, v/v) as the eluent.
Q-8 was identified as the respiratory quinone of strain JRM2-1 T . The respiratory quinone of reference strains of Burkholderia was also identified as Q-8. Recent studies have shown that the respiratory quinone of species of Burkholderia is Q-8 (Aizawa et al., 2010a (Aizawa et al., , b, 2011 Baek et al., 2015; Farh et al., 2015; Lee et al., 2012; Lim et al., 2008 Lim et al., , 2003 Liu et al., 2014; Rusch et al., 2015; Sheu et al., 2012 Sheu et al., , 2013 Tian et al., 2013; Zhu et al., 2012) . Although Q-7 was reported as a respiratory quinone of Burkholderia insulsa, Q-8 was also a major respiratory quinone of that species. The respiratory quinone profile of strain JRM2-1 T indicates that strain JRM2-1 T belongs to class Betaproteobacteria, which includes the genus Burkholderia.
Biochemical characterization of strain JRM2-1 T was carried out using the API 50CH system and the API 20NE and API ZYM kits (all from bioMérieux) according to the manufacturer's instructions with duplication. The strains were grown on YPG medium at 30 8C for 3 days and then used for the API tests. The results of the API tests clearly distinguished strain JRM2-1 T from related strains (Table 1) Antibiotic susceptibility tests were carried out using antibiotic discs (Oxoid). The following antibiotics were used (mg per disc): ampicillin (10), chloramphenicol (30), gentamicin (10), kanamycin (30), nalidixic acid (30), novobiocin (30), rifampicin (5), streptomycin (10) and tetracycline (30). Strain JRM2-1 T and the reference strains were inoculated in YPG medium at 30 8C for 1 day. Culture broth was then spread on YPG agar medium and the antibiotic discs were placed on the medium. The agar medium was incubated at 30 8C for 3 days. Strains that formed clear zones around the discs were regarded as sensitive to that antibiotic.
The antibiotic susceptibility of strain JRM2-1 T and the reference strains is described in Table 1 . Strain JRM2-1 T and the reference strains had different susceptibilities to gentamicin (clear zone diameter of 1.3 mm in strain JRM2-1 T ), rifampicin (1.7 mm) and novobiocin (resistant).
Genomic DNA of strain JRM2-1 T was extracted using a Cell/tissue mini kit (Nucleogen) according to the manufacturer's instructions. PCR amplification of the 16S rRNA gene was performed with primers 27f (59-AGAGTTTGAT-CMTGGCTCAG) and 1492r (59-TACGGYTACCTTGTTA CGACTT) modified from DeLong (1992). Sanger sequencing of the PCR products was carried out using a DNA sequencer (ABI 3730XL; Applied Biosystems) by a sequencing company (Macrogen, Korea). The sequence obtained was used as a query against the EzTaxon-e database (Chun et al., 2007; Kim et al., 2012) and the 16S rRNA gene sequences of relatives were retrieved from public databases. Alignment and phylogenetic analysis were performed using MEGA6 (Tamura et al., 2013) . Multiple alignments of the sequences were carried out using the CLUSTAL W algorithm within MEGA6. Reconstruction of phylogenetic trees was performed using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbourjoining (Saitou & Nei, 1987) methods, and distance matrices were generated according to Jukes & Cantor (1969) . The stability of branches of the phylogenetic tree was assessed by 1000 neighbour-joining bootstrap replications.
On the basis of the 16S rRNA gene sequence similarity, the closest relative of strain JRM2-1 T was B. rhizosphaerae WR43 T (98.1 %), followed by B. humisilvae Y-12 T (98.0 %), B. solisilvae Y-47 T (97.6 %) and B. terrae KMY02 T (97.2 %). These levels of similarity suggest that strain JRM2-1 T represents a novel species of Burkholderia. Recent research has recommended a 16S rRNA gene sequence similarity cut-off value of 98.5 % (Keswani & Whitman, 2001; Stackebrandt & Ebers, 2006) .
The overall topologies of the phylogenetic trees were similar. Strain JRM2-1 T is clearly distinguished from the BCC and belongs to group A in all of the phylogenetic trees (Fig. 1) DNA-DNA hybridization of strain JRM2-1 T against B. terrae KCTC 12388 T was performed as described previously (De Ley et al., 1970; Huss et al., 1983; Kim et al., 2013) . The low DNA-DNA hybridization value (14.4 %) found between strain JRM2-1 T and B. terrae KCTC 12388
T indicated that strain JRM2-1 T represents a novel species of the genus Burkholderia and does not belong to the species B. terrae.
The DNA G+C contents of strain JRM2-1 T and the reference strains were determined as described previously (Kim et al., 2013; Mesbah et al., 1989) . The genomic DNA G+C content of strain JRM2-1 T was 63.7 mol% ( Table 1 ). The DNA G+C contents of closely related members of the genus Burkholderia ranged from 62.8 to 67.3 mol%. The DNA G+C content of strain JRM2-1 T was similar to the relatively low DNA G+C contents of group-A species (Gyaneshwar et al., 2011) . The genomic DNA G+C contents of most group-A species range from 62 to 65 mol%, while those of group-B species range from 66 to 68 mol%. Therefore, the genomic DNA G+C content of strain JRM2-1 T indicates that the strain is closely related to group-A species.
Phylogenetic analysis and determination of fatty acids, polar lipids, respiratory quinones and other characteristics indicated that strain JRM2-1 T belongs to group A of the genus Burkholderia. However, the low 16S rRNA gene sequence similarity between JRM2-1 T and its closest neighbours, the pattern of substrate utilization and other biochemical characteristics of strain JRM2-1 T clearly differentiate it from related species of the genus Burkholderia. Combining the phylogenetic analysis and other results, strain JRM2-1 T represents a novel species of the genus Burkholderia closely related to group-A species. Therefore, isolate JRM2-1 T is proposed to represent a novel species in the genus Burkholderia, to be named Burkholderia jirisanensis sp. nov. 
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